INTRODUCTION
Enzymes electrodes are powerful tools for understanding the mechanism and kinetics of fast reactions. Owing to their specificity and sensitivity, enzyme electrodes including various amplification, schemes have been developed for many applications such as electrochemical immunoassays, [1] [2] water pollutant detection, [3] [4] [5] [6] [7] and monitoring of biological metabolities [8] [9] [10] [11] . The sensitivity of enzyme electrodes is very often increased by incorporation of a substrate-recycling scheme and several strategies including chemical, enzymatic, or electrochemical recycling have been developed. In the view of numerous application of such bio-sensor with amplified response, we are interested in investigating the concentration s and p in order to improve the metrological characteristics further. In addition, this theoretical approach is of practical interest since this kind of biosensor can be used for the determination of phenolic compounds and catecholamine neurotransmitters in the field of environmental control and clinical analysis [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Such a theoretical and kinetic analysis is a powerful approach to rationalize functions of biosensors. Desprez and Labbe [23] obtained the analytical expression concentration and current for the limiting cases only. The purpose of this communication is to derive a simple accurate polynomial expressions of concentrations generated at a enzyme electrode using Homotopy perturbation method. 
MATHEMATICAL FORMULATION OF THE PROBLEM
We introduce the following set of dimensionless variables: 2 1 , , , ,
The governing non-linear reaction/diffusion Eqs.1-5 is expressed in the following non-dimensional form as :
with the boundary conditions:
The dimensionless current is given by
ANALYTICAL SOLUTION OF STEADY STATE CONCENTRATION USING HPM
Recently, many authors have applied the HPM to various problems and demonstrated the efficiency of the HPM for handling non-linear structures and solving various physics and engineering problems [25] [26] [27] [28] . This method is a combination in topology and classic perturbation techniques. Ji Huan He used the HPM to solve the Lighthill equation [29] , the Duffing equation [30] and the Blasius equation [31] . The idea has been used to solve non-linear boundary value problems, integral equations and many other problems [32] [33] . The HPM is unique in its applicability, accuracy and efficiency. The HPM uses the imbedding parameter p as a small parameter and only a few iterations are needed to search for an asymptotic solution. Using this method (see Appendix A), we can obtain the following solution to Eqs.7 and
LIMITING CASE RESULTS
The kinetic response of amperometric biosensor de-pends on concentrations of U and V. 
The solution of the above equation becomes
Unsaturated (Zero Order) Catalytic Kinetics
If 1 1 U   , the rate will be
 as a first order reaction. Now the Eq.7 becomes
From the above equation we can obtain the concentration of U as follows:
NUMERICAL SIMULATION
The non-linear differential Eq.7 is also solved using numerical methods. The functionbvp4c in Scilab software which is a function of solving two-point boundary value problems (BVPs) for ordinary differential equations is used to solve this equation. It's numerical solution is compared with Homotopy perturbation method and it gives satisfactory result. The Scilab program is also given in Appendix (B).
RESULTS AND DISCUSSION
In other cases the order is between zero and one. For an enzyme electrode to be analytically useful, its response must be quantitatively related to the substrate concentration. Based on this principle, 1 1 U   is not the proper case for an enzyme electrode, because in the zero order reaction product concentration is independent of the substrate concentration. An order between zero and one is favorable. Eq. 12 represents the most general approximate new analytical expression for the substrate concentration profiles for all values of E  and 1  .
Recently Labbe et al. [23] obtained the solution of this model for the limiting cases. A comparison of numerical simulation results with our Eq.12 is shown in Figures  2(a-c) . The agreement between simulation results and Eq.12 is quite good. Figure 3(a-c) is observed that the value of the current increases slowly when E  increases and 1  decreases. Our analytical expression of current is also compared with simulation result in Figure 4 . It gives satisfactory agreement.
CONCLUSIONS
The time independent non-linear reaction-diffusion equation has been formulated and solved analytically and numerically. Analytical expressions for the concentrations and current are derived by using the HPM. The
and
According to the HPM, we can conclude that Using Eqs.A13, A14 and A15 in Eq.A19 and Eqs.A16, A17 and A18 in Eq.A20, we obtain the final results as described in Eqs.12 and 13.
